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(54) Flow sensor and method of manufacturing the same 



(57) A flow sensor includes a substrate, an electrical 
insulating film, and a flow velocity detection mechanism. 
In the substrate, a diaphragm portion having a first sur- 
face in contact with a measurement target fluid and a 
thick fixing portion surrounding the diaphragm portion 



are integrally formed. The electrical insulating film is 
formed on a second surface of the diaphragm portion 
which is on a side opposite to the first surface. The flow 
velocity detection mechanism is arranged on the elec- 
trical insulating film. A method of manufacturing a flow 
sensor is also disclosed. 
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Description 

Background of the Invention 

[0001] The present invention relates to a flow sensor 
used for measuring the flow velocity or flow rate of a fluid 
flowing in a channel and, more particularly, a thermal 
flow sensor. 

[0002] In a thermal flow sensor for measuring the flow 
velocity or flow rate of a fluid, a sensor chip having a 
flow velocity detection mechanism is arranged in a pipe 
parallel to the flow of a fluid to be measured. In the flow 
velocity detection mechanism, the spatial temperature 
distribution of a fluid is localized by the flow of heat emit- 
ted from a heat-generating body (heater). This localiza- 
tion is detected by a temperature sensor (indirect heated 
type), or a change in power or resistance occurring 
when the heat of the heat-generating body is deprived 
of by the fluid is detected (self-heating type) , thus meas- 
uring the flow velocity or flow rate (examples: Japanese 
Patent Lald-Open No. 4-295724, No. 2-259527, No. 
8-146026, and the like). 

[0003] Figs. 17A and 17B show a conventional flow 
sensor. This flow sensor 1 has a channel forming mem- 
ber 4 for forming a channel 3 for a fluid 2, a substrate 5 
having a peripheral portion bonded to a front opening 
4a of the channel forming member 4, and a plate 6 fixed 
(contact-bonded) to the front surface of the substrate 5 
by urging it with bolts or the like through an electrical 
insulating film 13. In this flow sensor 1 , the central por- 
tion of the substrate 5 forms a diaphragm portion 5A, 
and a heat-generating body and two resistors (temper- 
ature sensors) for constituting a flow rate detection sen- 
sor, and their circuit pattern 7 are formed by known thin 
film forming technique. 

[0004] In the flow sensor 1 , the substrate 5 is formed 
thin, and the rear surface of the substrate 5 is in contact 
with the fluid 2 to form part of the channel 3 together 
with the channel forming member 4. As the material of 
the channel forming member 4 and substrate 5 : a ma- 
terial having low thermal conductivity, high heat resist- 
ance, and high corrosion resistance, e.g.. SUS304- or 
SUS316-based stainless steel is used. 
[0005] The plate 6 has a through hole 8 having sub- 
stantially the same size as that of the diaphragm portion 
5A at its center. An electrode 9 is built into the through 
hole 8. As the electrode 9, one obtained by sealing a 
plurality of terminal pins 11 in a metal frame 10 with her- 
metic glass 12 is used. One end of each terminal pin 1 1 
is connected to the circuit pattern 7 by brazing or sol- 
dering. 

[0006] In the conventional flow sensor 1 described 
above, the plate 6 is merely contact-bonded to the front 
surface of the thin substrate 5 by fastening with the bolts. 
Accordingly, the mechanical and thermal contact be- 
tween the substrate 5 and plate 6 is unreliable and un- 
stable, making the temperature distribution of the dia- 
phragm portion 5A unstable. Upon a pressure change 



of the fluid 2, when the diaphragm portion 5A of the sub- 
strate 5 elastically deforms in the planar direction, the 
contact state of the substrate 5 and plate 6 changes, 
and the temperature distribution of the diaphragm por- 
5 tion 5A changes. Then, the flow velocity or flow rate 
characteristics orthe zero point of the sensor shift , and 
precision, reproducibility, reliability, and durability are 
lacking or insufficient. 

[0007] Particularly, when the interior of the channel is 
10 at a negative pressure, the substrate 5 and plate 6 un- 
desirably separate from each other, and the flow velocity 
or flow rate characteristics of the sensor change largely. 
[0008] Also, the number of components increases, e. 
g., the plate 6 and a contact-bonding mechanism for the 
*5 substrate 5 and plate 6, leading to a large, complicated 
shape. 

Summary of the Invention 

20 [0009] It is an object of the invention to provide a flow 
sensor in which a change in flow velocity or flow rate 
characteristics caused by the pressure change of the 
fluid is decreased, so that the precision, reproducibility, 
reliability, and durability are improved, and which can be 

25 fabricated with a reduced number of components. 

[0010] It is another object to provide a flow sensor in 
which zero point adjustment (correction) is performed 
when the interior of the channel is at negative pressure 
or vacuum state, so that it can cope with practical needs 

30 jn the field of semiconductor manufacturing apparatus- 
es of performing flow rate measurement in a pressurized 
state. 

[0011] In order to achieve the above objects, accord- 
ing to the invention, there is provided aflow sensor com- 

35 prising a substrate in which a diaphragm portion having 
a first surface in contact with a measurement target fluid 
and a thick fixing portion surrounding the diaphragm 
portion are integrally formed, an electrical insulating film 
formed on a second surface of the diaphragm portion 

40 which is on a side opposite to the first surface, and flow 
velocity detecting means arranged on the electrical in- 
sulating film. 

Brief Description of the Drawings 

45 

[0012] 

Fig. 1 is a sectional view showing a flow sensor ac- 
cording to a first embodiment of the invention; 
50 Fig. 2 is a front view of a sensor portion; 

Fig. 3 is a circuit diagram showing a constant tem- 
perature difference circuit for the flow sensor; 
Fig. 4 is a circuit diagram showing a sensor output 
circuit; 

55 Fig. 5 is a sectional view showing a flow sensor ac- 
cording to a second embodiment of the invention; 
Fig. 6 is a plan view of a substrate; 
Fig. 7 is a sectional view showing another example 
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of a sensor chip; 

Fig. 8A is a sectional view showing a flow sensor 
according to a third embodiment ; 
Fig. 8B is a sectional view taken along the line A - 
A of Fig. 8A; 

Fig. 9 is a sectional view showing a flow sensor ac- 
cording to a fourth embodiment ; 
Fig. 1 0 is a plan view of a sensor chip; 
Fig. 11 is a sectional view showing a flow sensor 
according to a fifth embodiment ; 
Figs. 12A to 12G are views showing the steps in a 
method of manufacturing a flow sensor according 
to a sixth embodiment of the invention; 
Figs. 1 3A to 1 3C are views showing some steps in 
a method of manufacturing a flow sensor according 
to a seventh embodiment of the invention; 
Figs. 14Ato 14C are views showing some steps in 
a method of manufacturing a flow sensor according 
to an eighth embodiment ; 

Figs. 15Ato 15C are views showing some steps in 
a method of manufacturing a flow sensor according 
to a ninth embodiment of the invention; 
Figs. 16A to 16D are views showing some steps 
manufacturing a flow sensor according to a 10th 
embodiment ; 

Fig. 1 7A is a front view showing a conventional flow 
sensor; and 

Fig. 17B is a sectional view showing the conven- 
tional flow sensor. 

Description of the Preferred Embodiments 

[001 3] The invention will be described in detail by way 
of embodiments shown in the accompanying drawings. 
[0014] In Figs. 1 and 2, a flow sensor 1 00 is constitut- 
ed by a sensor body 102, a sensor chip 103 arranged 
on sensor body (channel forming member) 1 02, a print- 
ed board 105 similarly disposed on channel forming 
member 102 through a spacer 104 and located above 
sensor chip 103, and the like. The sensor body 102 
forms a channel 1 08 for a fluid 1 07 together with sensor 
chip 103. 

[0015] The sensor chip 103 is constituted by a sub- 
strate 124, a flow velocity detection mechanism 112 
formed at the center of the upper surface of substrate 
124 through an electrical insulating film 113, an ambient 
temperature detection mechanism 116, and the like. 
The substrate 124 has substantially the same size as 
that of a projection 1 02 A of channel forming member 
102. The substrate 124 is a thin, elongated rectangular 
plate, and has a recess 106 at the center of its lower 
surface. The recess 1 06 forms a fixing portion 124A with 
a thick peripheral portion. The fixing portion 124A is 
bonded to the upper surface of channel forming member 
102. 

[0016] A thin diaphragm portion 124B is formed on 
that surface of substrate 124 on which recess 106 is 
formed. More specifically, elliptic recess 106 is formed 



in the lower surface of the central portion of substrate 
124, thus forming thin portion 124B, which has a thick- 
ness (plate thickness) of about 50 urn to 1 50 ujti to form 
a sensor portion having a diaphragm structure. The 
5 length (width) of thin portion 124B in a direction (short- 
side direction) perpendicular to the flowing direction (di- 
rection of an arrow A) is preferably about 1 mm to 3 mm 
from the viewpoint of the flow strength (pressure resist- 
ance). 

10 [0017] Although recess 1 06 is elliptic, the invention is 
not limited to this, and recess 1 06 can be circular or rec- 
tangular. The thick fixing portion 1 24A surrounding dia- 
phragm portion 124B is formed on the upper surface of 
projection 102A by, e.g., YAG laser welding. The dia- 
phragm portion 124B has a thickness of about 50 ujti to 
1 50 urn, and has flow velocity detection mechanism 1 1 2 
at the center of its upper surface. The recess 106 has 
an elliptic shape which is long in the longitudinal direc- 
tion of substrate 124, and communicates with channel 
holes 1 09 and 1 1 0 at its two ends. The flow velocity de- 
tection mechanism 112 is formed on that side of sub- 
strate 124 which is opposite to recess 106. An upper 
surface 103a of substrate 124 is mirror-polished, and 
electrical insulating film 113 is formed on it. 
[0018] As the material of substrate 124, a material 
having lowerthermal conductivity than that of silicon and 
high heat resistance, high corrosion resistance, and 
high rigidity, e.g., stainless steel sapphire, or a ceramic 
material is used. Among these materials, as stainless 
steel is a conductive material, if it is employed to form 
substrate 124, the electrical insulating film is formed on 
it. As sapphire or a ceramic material is an insulating ma- 
terial, if it is employed to form substrate 1 24, no electrical 
insulating film need be formed on it. In flow sensor 100 
according to the first embodiment, the substrate 124 is 
formed of a stainless steel (particularly SUS316L) thin 
plate having a thickness of about 0.3 mm to 3 mm. 
[0019] When substrate 1 24 is made of stainless steel, 
if the thickness of the diaphragm portion (thin portion) 
124B which forms sensor portion is 50 ujn or less, the 
strength decreases, which is not preferable. If the thick- 
ness of the diaphragm portion (thin portion) 124B is 150 
urn or more, the thermal conductivity in the direction of 
thickness of substrate 124, i.e., between fluid 107 and 
flow velocity detection mechanism 112 decreases, and 
the heat transfer amount (heat loss) in a direction par- 
allel to the surface of substrate 1 24 increases, which is 
not preferable. The fixing portion 1 24A of substrate 124 
serves to keep the shape of diaphragm portion 124B 
and as a heat sink. 

[0020] The recess 106 of substrate 124 is fabricated 
by photolithography and etching or end milling, or a 
composite technique of them. When photolithography 
and etching are employed, first, a resist is applied to the 
entire lower surface of a stainless steel wafer by spin 
coating or the like, or a resist film is adhered to it. The 
lower surface of the wafer is then irradiated with ultravi- 
olet radiation (or electron beams) to transfer and expose 
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a mask pattern onto the resist. Then, the exposed resist 
is developed with a developing solution to remove the 
unnecessary portions of the resist. A negative resist or 
positive resist is chosen in accordance with whether the 
exposed portion is to be left or removed. The wafer ex- 
poses from the resist-removed portion, and the expos- 
ing wafer portion is removed by wet etching or dry etch- 
ing to a thickness of about 50 urn to 150 urn. Subse- 
quently, the remaining resist is separated and removed, 
and the wafer is cleaned. Consequently, thin portion 
124B and recess 106 are formed. In the case of wet 
etching, the wafer is dipped in an etching solution, or an 
etching solution is sprayed to the wafer, so the resist is 
dissolved little by little. In the case of dry etching, the 
lower surface of the wafer is irradiated with ions or elec- 
trons by sputtering or a plasma, so the resist is removed 
little by little, thus fabricating diaphragm portion 124B 
and recess 106. When ft is made of a ceramic material, 
the substrate 124 having recess 106 originally may be 
calcined. 

[0021] Of the thin portion 124B, a surface (upper sur- 
face) on a side opposite to the side where fluid 1 07 flows 
is mirror-polished, and electrical insulating film 113 is 
formed on its entire surface. The flow velocity detection 
mechanism 112 and ambient temperature detection 
mechanism 116, which include a plurality of electrode 
pads 114, e.g., 6 electrode pads 114 (114a to 114f) and 
thin metal films 115 for wiring, are formed on the upper 
surface of electrical insulating film 1 13 by the known thin 
film forming technique. For example, flow velocity de- 
tection mechanism 1 1 2 and ambient temperature detec- 
tion mechanism 116 are fabricated by depositing a ma- 
terial such as platinum on the upper surface of electrical 
insulating film 113 and etching it into a predetermined 
pattern. 

[0022] The flow velocity detection mechanism 112 
and ambient temperature detection mechanism 116 are 
electrically connected to electrode pads 114 through 
thin metal films 115 for wiring. The electrode pads 114 
are connected to the electrode terminals of printed wir- 
ing board 105, provided above substrate 124 through 
spacer 104, through bonding wires. 
[0023] The electrical insulating film 113 is formed of a 
thin silicon oxide (Si0 2 ) film, silicon nitride film, alumina 
film, polyimide film, or the like having a thickness of, e. 
g., about several thousand A to several u.. The silicon 
oxide film is formed by sputtering, CVD, SOG (spin on 
glass), or the like. The silicon nitride film is formed by 
sputtering, CVD, or the like. 

[0024] The flow velocity detection mechanism 112 
and ambient temperature detection mechanism 1 1 6 will 
be described in more detail with reference to Fig. 2. The 
flow velocity detection mechanism 112 is formed of a 
heat-generating body 1 20 and two temperature sensors 
121 A and 121B. The heat- generating body 120 is ar- 
ranged at substantially the center of thin portion 124B. 
The two temperature sensors 121 A and 121B are ar- 
ranged upstream and downstream of heat-generating 



body 120 in the flowing direction of fluid 107. 
[0025] The ambient temperature detection mecha- 
nism 1 1 6 is used to compensate for a change in ambient 
temperature, i.e., the temperature of fluid 107. The am- 

5 bient temperature detection mechanism 1 1 6 is arranged 
close to the peripheral portion of diaphragm portion 
124B further upstream of the upstream temperature 
sensor 121 A. In other words, ambient temperature de- 
tection mechanism 116 is arranged on the upstream 

10 side and outside diaphragm portion 1 24B. Note that the 
position of ambient temperature detection mechanism 
116 is not limited to the upstream side, but can be the 
downstream side, either side of sensor chip 1 03 in the 
widthwise direction, or on diaphragm portion 124B. 

15 [0026] The pattern width of the heat-generating body 
120 is preferably about 10 urn to 50 um : and those of 
temperature sensors 121 A and 1 21 B and ambient tem- 
perature detection mechanism 1 1 6 are preferably about 
5 urn to 20 \im. If ambient temperature detection mech- 

20 anism 1 1 6 is adversely affected by heat from heat-gen- 
erating body 120, ambient temperature detection mech- 
anism 116 is not arranged on thin portion 124B of sub- 
strate 124 but on another portion, e.g., on the thick por- 
tion (fixing portion 124A), which is optimal for detection 

25 of the ambient temperature. Also, ambient temperature 
detection mechanism 116 can be substituted by an ex- 
ternal temperature sensor. 

[0027] The sensor body (channel forming member) 
102 is formed of a metal plate of stainless steel which 

30 is thin and elongated in the same manner as substrate 
124. The sensor body (channel forming member) 102 
also has the protrusion (projection) 102A formed at the 
. center of the surface (upper surface) and having a 
shape substantially the same as that of substrate 124, 

35 and the two channel holes 109 and 110 which form 
channel 1 08 for measurement target fluid (to be also re- 
ferred to as fluid hereinafter) 107 together with recess 
106 of sensor chip 103. More specifically, sensor body 
(channel forming member) 102 has the two through 

40 holes 1 09 and 1 1 0. The opening at one end of through 
hole 109 and the opening at one end of through hole 
110 are open near the two ends in the longitudinal di- 
rection of the projection 102A, and the opening at the 
other end of through hole 109 and the opening at the 

45 other end of through hole 1 1 0 are open in the lower sur- 
face of channel forming member 1 02. 
[0028] The fixing portion 1 24A is bonded to the upper 
surface of protrusion (projection) 102A. The through 
holes 109 and 110 and the recess 106 of substrate 124 

50 communicate with each other to form channel 108 for 
fluid 1 07. The shape of channel 1 08 need not be elliptic 
in recess 106, and a shape with which the flowing direc- 
tion of fluid 107 is clear so fluid 107 flows smoothly is 
preferable. When such a sensor body (channel forming 

55 member) 102 is fabricated from stainless steel which is 
the same material as that of substrate 1 24, channel 
forming member 1 02 and substrate 1 24 can be welded 
by YAG laser welding or the like without using any dif- 
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ferent type of metal. Alternatively, channel forming 
member 1 02 can be made of aluminum, a ceramic ma- 
terial or the like. In this case ? channel forming member 
1 02 and substrate 1 24 are bonded to each other by us- 
ing an O-ring, bolts, or the like. 

[0029] Even when channel forming member 102 is 
made of stainless steel, it may be similarly bonded to 
substrate 124 by using an O-ring, bolts, or the like. The 
printed board 105 disposed on the channel forming 
member 102 through spacer 104 has a circular hole at 
its center and a plurality of wiring patterns 1 27 is formed 
on its upper surface by printing. The electrode pads 114 
of sensor chip 103 are electrically connected to wiring 
patterns 127 through bonding wires (not shown). The 
spacer 1 04 is made of stainless steel, aluminum, a syn- 
thetic resin, or the like in the same manner as channel 
forming member 1 02. The spacer 1 04 is fixed to channel 
forming member 102 with screws, an adhesive, or the 
like. 

[0030] Referring to Fig. 3, heat-generating body 120, 
ambient temperature detection mechanism 116, and 
three fixed resistors R1 , R2, and R3 form abridge circuit. 
The bridge circuit and an operational amplifier (OP1) 
form a constant temperature difference circuit. The op- 
erational amplifier OP1 receives a voltage at the middle 
point of the bridge circuit, resistor R1 , and heat-gener- 
ating body 1 20 as an inverting input and a voltage at the 
middle point of resistors R2 and R3 as a non-inverting 
input. An output from operational amplifier OP1 is con- 
nected to one terminal of resistor R1 and one terminal 
of resistor R2 in common. The resistances of resistors 
R1, R2, and R3 are set such that the temperature of 
heat-generating body 120 is constantly higher than that 
of ambient temperature detection mechanism 11 6 by a 
constant temperature. 

[0031] Referring to Fig. 4, the two temperature sen- 
sors 121 A and 121 B and two fixed resistors R4 and R5 
form a bridge circuit. The bridge circuit and an opera- 
tional amplifier OP2 form the sensor output circuit. 
[0032] In this flow sensor 100, power is supplied to 
the bridge circuit of the constant temperature difference 
circuit shown in Fig. 3 to heat heat-generating body 1 20 
to a temperature higher than the ambient temperature 
by a certain constant temperature. Then, fluid 1 07 is 
supplied in the direction of arrows of Fig. 1 . Consequent- 
ly, thin portion 1 24B is deprived of heat by fluid 1 07 pro- 
portionally to its flow velocity. Hence, heat-generating 
body 120 is also deprived of heat, and its resistance de- 
creases. Accordingly, Lhe equilibrium siaie of the bridge 
circuit is lost. A voltage corresponding to a voltage gen- 
erated between the inverting input and non-inverting in- 
put of operational amplifier OP1 is applied from opera- 
tional amplifier OP1 to the bridge circuit. 
[0033] Therefore, the heat generating amount of heat- 
generating body 120 increases to compensate for the 
heat deprived of by fluid 1 07. As a result, the resistance 
of heat-generating body 1 20 increases, and the bridge 
circuit is restored to the equilibrium state. Therefore, a 



voltage corresponding to the flow velocity is applied to 
the bridge circuit which is in the equilibrium state. In the 
constant temperature difference circuit of Fig. 3, if the 
sensor is also used by the heater, of the voltages applied 

5 to the bridge circuit, the voltage across heat-generating 
body 120 can be output as a voltage output. 
[0034] When the temperature distribution in the vicin- 
ity of heat-generating body 120 is changed by the flow 
of fluid 107, a temperature difference occurs between 

10 temperature sensors 1 21 A and 1 21 B located upstream 
and downstream of heat-generating body 1 20. This volt- 
age difference or resistance difference is detected by 
the sensor output circuit shown in Fig. 4. The tempera- 
ture difference between two temperature sensors 121 A 

15 and 1 21 B is proportional to the flow velocity of fluid 1 07. 
If the relationship between the channel sectional aver- 
age flow velocity or flow rate and the temperature differ- 
ence, i.e. , the voltage difference or resistance difference 
detected by the sensor output circuit, is calibrated in ad- 

20 vance, the actual channel sectional average flow veloc- 
ity or flow rate can be measured from the voltage differ- 
ence or resistance difference. The arrangement of flow 
velocity detection mechanism 112 and ambient temper- 
ature detection mechanism 116 is not limited to that of 

25 the embodiment described above, but can be changed 
in various ways. Temperature detection mechanism 116 
is arranged at a position where it can detect the fluid 
temperature without being adversely affected by heat 
from heat-generating body 120. 

30 [0035] With flow sensor 100 having the above struc- 
ture, the peripheral portion of substrate 124 is bonded 
as thick fixing portion 124Atothe upper surface of chan- 
nel forming member 102. The central portion of sub- 
strate 124 forms the thin portion 124B having a dia- 

35 phragm structure. The flow velocity detection mecha- 
nism 112 and ambient temperature detection mecha- 
nism 116 are formed on that surface of diaphragm por- 
tion 124B which does not come into contact with fluid 
107. Therefore, unlike in the conventional flow sensor 

40 shown Figs. 1 7A and 1 7B, the plate 6 need not be con- 
tact-bonded to substrate 5. 

[0036] With flow sensor 100, even if thin portion 124B 
elastically deforms upon a pressure change of fluid 1 07, 
no peeling occurs in flow sensor 1 00. Compared to con- 

45 ventional fiow sensor 1 shown In Figs. 1 7A and 1 7B, the 
influence of the pressure on the flow velocity or flow rate 
characteristics of the sensor decreases, so that flow 
sensor 1 00 can be maintained in a stable state over a 
iong period of iime. in particuiar, since the shift of the 

50 zero point is small, high measurement precision can be 
obtained, and the reliability and durability of the sensor 
can be improved. 

[0037] As substrate 124 is integrally formed of thick 
fixing portion 124A and thin portion 124B, even when 
55 thin portion 124B elastically deforms upon a pressure 
change of the fluid, the position of the fixed end of fixing 
portion 124A does not change. 

[0038] A flow sensor according to the second embod- 
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iment will be described, in which the invention is applied 
to a so-called header type flow sensor. 
[0039] In a headertype flow sensor 150 f a sensor chip 
1 54 is externally inserted and fitted in a sensor attaching 
hole 152 formed in the wall of a pipe 151 through which 
a fluid 1 02 flows, and is fixed by welding, or with an O- 
ring, bolts, or the like. A bracket 1 53 and the sensor chip 
1 54 form a container. A printed board 1 55 is accommo- 
dated in the container. 

[0040] The bracket 1 53 is made of stainless steel into 
a cylinder with two open ends, and is externally fitted in 
sensor attaching hole 152. A flange 153A is bonded to 
the outer surface of pipe 151. The sensor chip 154 is 
bonded to the inner end face of bracket 153, i.e., to an 
open end face of bracket 153 on a side opposite to 
flange 153A. 

[0041] Thesensorchip 154 has a substrate 156 made 
of stainless steel or the like in the same manner as in 
the first embodiment. The substrate 156 is bonded to 
the inner end face of bracket 1 53, and hermetically cov- 
ers sensor attaching hole 152 of pipe 151 . First and sec- 
ond recesses 1 57a and 1 57b are formed in that surface 
156a of substrate 156 which is on the bracket 153 side. 
A surface 156b of substrate 156 which is on a side op- 
posite to the surface 1 56a forms a contact surface which 
is to come into contact with fluid 1 02 flowing in pipe 1 51 . 
[0042] In the flow sensor according to the second em- 
bodiment, since substrate 156 is directly attached in 
sensor attaching hole 1 52 of pipe 1 51 , no channel form- 
ing member is required. Since substrate 156 can be at- 
tached easily even to a pipe with a large diameter, a 
large flow rate can also be measured. 
[0043] Those portions of substrate 156 in which re- 
cesses 157a and 157b are formed form thin portions 
1 56B1 and 1 56B2 having diaphragm structures. The re- 
maining portion of substrate 156 forms a fixing portion 
156A, which is bonded to the inner end face of bracket 
153. 

[0044] The first recess 1 57a is formed at substantially 
the center of substrate 156, and second recess 157b is 
formed upstream of first recess 157a. Electrical insulat- 
ing films 113 are formed on the bottom surfaces of first 
and second recesses 1 57a and 1 57b , and a flow velocity 
detection mechanism 125 and ambient temperature de- 
tection mechanism 134 are formed on them. More spe- 
cifically, the two recesses 157a and 1 57b are formed to 
prevent ambient temperature detection mechanism 1 34 
from being adversely affected by heat generated by 
heat-generating body 120 (Fig. 1) of flow velocity detec- 
tion mechanism 125, and flow velocity detection mech- 
anism 125 and ambient temperature detection mecha- 
nism 1 34 are separately arranged in recesses 1 57a and 
157b. The recesses 1 57a and 157b preferably have cir- 
cular shapes each with a diameter of about 1 mm to 3 
mm from the viewpoint of strength (pressure resist- 
ance), but can have any other shape. 
[0045] This sensor chip 1 54 is fabricated in the same 
manner as in the first embodiment described above. In 



this case, a projection aligner and direct writing unit are 
used in photolithography when forming patterns on the 
upper surfaces of respective thin portions 156B1 and 
156B2 located at the bottom portions of recesses 157a 
5 and 1 57b. Alternatively, the patterns of the resistors and 
conductors are directly formed by using a jet printing 
system . 

[0046] According to a modification of the second em- 
bodiment, as shown in Fig. 7, one recess 157 may be 
10 formed at the center of substrate 156 ; and ambient tem- 
perature detection mechanism 134 may be formed on 
fixing portion 156A. With flow sensor 150 having this 
structure as well, the same effect as in the first embod- 
iment described above can obviously be obtained. 
15 [0047] Figs. 8A and 8B show the flow sensor accord- 
ing to the third embodiment. 

[0048] In the third embodiment, a substrate that con- 
stitutes a sensor chip 160 is formed of a stainless steel 
pipe 1 61 , and the center hole of pipe 1 61 is used as a 
flow channel 1 03 for a fluid 1 02. 

[0049] Hence, flow channel forming member 102 of 
the first embodiment described above is not necessary, 
and the sensor chip itself also serves as a channel form- 
ing member. In other words, the sensor chip of sensor 
chip 160 and channel forming member are integrally 
formed from pipe 161 , which is not limited to one having 
a circular section, but can be one having a noncircular 
section such as a rectangular or elliptic section. 
[0050] The pipe 161 has a recess 164 formed at the 
central portion in the longitudinal direction of its outer 
surface. A smaller-thickness portion between recess 
164 and the inner surface of pipe 161 forms a thin por- 
tion 165. The recess 164 is fabricated by etching, ma- 
chining using an end mill or press, or a composite tech- 
nique of them. 

[0051] That surface of the thin portion 1 65 on a side 
opposite to the surface to come into contact with the fluid 
102 is mirror-finished, and is covered with an electrical 
insulating film 1 1 3. A flow velocity detection mechanism 

112 and ambient temperature detection mechanism 
116, which include a plurality of electrode pads 114 and 
thin metal films 115 for wiring identical to those shown 
in Fig. 2, are fabricated at the center of the upper surface 
of electrical insulating film 113 by the known thin film 
forming technique. When pipe 161 Is made of an insu- 
lator such as a ceramic material, electrical insulating film 

113 is not necessary. The ambient temperature detec- 
tion mechanism 1 1 6 may be arranged at the position op- 
timal for temperature detection, or may be substituted 
by an external sensor. 

[0052] In sensor chip 1 60 having the above structure, 
one pipe 161 serves as the channel forming member 
and the substrate for the sensor chip. Hence, no bond- 
ing portion is present so fluid 1 02 does not leak, and the 
number of components can be further reduced, so that 
a flow sensor having high reliability can be fabricated. 
[0053] A change in flow velocity or flow rate charac- 
teristics of the sensorchip which occurs upon a pressure 
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change of the fluid is small. Thus, the measurement pre- 
cision, reproducibility, reliability, and durability of the 
sensor can be improved, and fabrication can be done 
with a reduced number of components. 
[0054] A flow sensor according to the fourth embodi- 
ment of the present invention will be described. 
[0055] Referring to Figs. 9 and 10, a description of 
portions that are common with those of the flow sensor 
(Fig. 1 ) according to the first embodiment will be omitted. 
[0056] A sensor body 102 is formed of a metal plate 
of stainless steel in the same manner as the flow sensor 
according to the first embodiment. The sensor body 1 02 
has a projection 1 02A integrally projecting from the cent- 
er of its upper surface, and two channel holes 1 09 and 
1 1 0 which form a channel 1 08 for a measurement target 
fluid (to be also referred to as fluid hereinafter) 107 to- 
gether with a recess 1 06 of a sensor chip 1 03 . The chan- 
nel holes 1 09 and 1 1 0 are formed of through holes. The 
opening at one end of channel hole 1 09 and the opening 
at one end of channel hole 110 are open near the two 
ends the longitudinal direction of projection 1 02A in, and 
the opening at the other end of channel hole 109 and 
the opening at the other end of channel hole 110 are 
open in the lower surface of sensor body 102. 
[0057] The sensor chip 1 03 forms a rectangular plate 
having substantially the same size as that of projection 
1 02A . The sensor chip 1 03 has recess 1 06 at the center 
of its lower surface, so that surface of sensor chip 1 03 
in which recess 106 is formed forms a thin diaphragm 
portion 128B. A thick fixing portion 1 28A surrounding di- 
aphragm portion 128B is bonded to the upper surface 
of projection 102A by YAG laser welding or the like. 
[0058] The diaphragm portion 128B has a thickness 
of about 50 u,m to 1 50 jim, and has a flow velocity de- 
tection mechanism 112 (to be described later) at the 
center of its upper surface. The recess 1 06 is an ellipse 
elongated in the longitudinal direction of sensor chip 
1 03, and communicates with channel holes 1 09 and 1 1 0 
at its two ends. An upper surface 103a of the sensor 
chip 1 03 which is opposite to a passage 1 08 and where 
flow velocity detection mechanism 112 is provided is 
mirror-polished. 

[0059] As the material of sensor chip 103, a material 
having lower thermal conductivity than that of silicon and 
has high heat resistance, high corrosion resistance, and 
high rigidity, more specifically, stainless steel Is used. 
As a general-purpose stainless steel stock fabricated by 
ordinary melting and refining has many particles and de- 
fects, generates a large amount of gas to be emitted, 
and lacks cleanness, it is not suitable as a chip material 
for the flow sensor 1 00 used in a semiconductor manu- 
facturing apparatus or the like. 

[0060] According to the present invention, a stainless 
steel stock fabricated by remelting, in accordance with 
special melting, a stainless steel stock fabricated by or- 
dinary melting and refining is used as the chip material. 
[0061] A method of manufacturing a stainless steel 
stock in accordance with special melting includes two 



types, that is, 

® double vacuum melting of vacuum induction 
melting (VIM) and subsequent vacuum arc remelt- 
5 ing (VAR), and 

@ melting and casting by electroslab remelting 
(ESR). 

[0062] According to VIM, a steel lump melted and cast 
by an ordinary atmospheric melting furnace is remelted 
by a VIM furnace, and is poured into a cast mold, thus 
manufacturing a steel lump. According to VAR, an arc 
is generated between a consumable electrode and mol- 
ten steel in the cast mold in a water-cooled cast copper 
mold set in the vacuum state. The electrode is remelted 
by the generated heat, and the molten steel is continu- 
ously solidified in the cast mold, thus manufacturing a 
steel lump. According to ESR, a steel lump is manufac- 
tured while melting an electrode material in a cold cast 
mold by the resistance heat of a molten slug. According 
to such special melting, since steel is melted while iso- 
lating it from the atmosphere, a high degassing effect 
can be obtained, so that any oxide-type inclusion (par- 
ticles) can be removed. As a result, special melting has 
a characteristic feature in that it can fabricate a highly 
clean, high-quality steel stock. 

[0063] The steel lump manufactured by special melt- 
ing forms a stainless steel stock with a predetermined 
thickness by forging or hot rolling. The obtained stain- 
less steel stock is further cut into a predetermined size, 
and an upper surface 103a of the cut piece is mirror- 
polished and recess 106 is formed at the center of its 
lower surface 1 03b, thus fabricating stainless steel sen- 
sor chip 103 described above. 

[0064] If the thickness of diaphragm portion 128B of 
sensor chip 1 30 is 50 ujn or less, the strength decreas- 
es, which is not preferable. If the thickness of diaphragm 
portion 1 28B is 1 50 p.m or more , the thermal conductivity 
in the direction of thickness of the sensor chip 103, i.e., 
between fluid 107 and flow velocity detection mecha- 
nism 112 decreases, and the heat transfer amount (heat 
loss) in a direction parallel to the surface of sensor chip 
103 increases, which is not preferable. 
[0065] An electrical insulating film 117 is formed on 
the entire upper surface 103a of sensor chip 103. The 
flow velocity detection mechanism 112 and an ambient 
temperature detection mechanism 116, which include 
six electrode pads 1 1 4 (1 1 4a to 1 1 4f) and thin metal films 
1 1 5 for wiring, are formed on the upper surface of elec- 
trical insulating film 1 1 7 by known thin film forming tech- 
nique. For example, flow velocity detection mechanism 
1 1 2 and ambient temperature detection mechanism 1 1 6 
are fabricated by depositing a material such as platinum 
on electrical insulating film 117 and etching it into a pre- 
determined pattern. The flow velocity detection mecha- 
nism 112 and ambient temperature detection mecha- 
nism 116 are electrically connected to electrode pads 
1 1 4 through the thin metal films 1 1 5 for wiring. 
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[0066] The flow velocity detection mechanism 112 
and ambient temperature detection mechanism 1 1 6 will 
be described in detail. 

[0067] The flow velocity detection mechanism 1 12 is 
comprised of one heat-generating body (resistance 
heater) 120 and two temperature sensors 121 A and 
121 B, to form an indirect heated type flow velocity de- 
tection mechanism. The heat-generating body 1 20 is ar- 
ranged at substantially the center of diaphragm portion 
1 28B. The two temperature sensors 121 A and 121 B are 
arranged upstream and downstream of heat-generating 
body 1 20 in the flowing direction of fluid 1 07. 
[0068] The ambient temperature detection mecha- 
nism 1 1 6 is used to compensate for a change in ambient 
temperature, i.e., the temperature of fluid 107. The am- 
bient temperature detection mechanism 116 is arranged 
on the upstream side and outside diaphragm portion 
128B. Note that the position of ambient temperature de- 
tection mechanism 116 is not limited to the upstream 
side, but can be the downstream side, either one side 
in the widthwise direction of sensor chip 1 03, or on dia- 
phragm portion 128B. The pattern width of heat-gener- 
ating body 1 20 is preferably about 1 0 u/n to 50 urn, and 
those of temperature sensors 121 A and 121 B and am- 
bient temperature detection mechanism 1 1 6 are prefer- 
ably about 5 u,m to 1 0 ujti. Furthermore, diaphragm por- 
tion 128B and the thick fixing portion 128A surrounding 
it may be formed separately, and may be integrated by 
thermal diffusion bonding or laser welding. 
[0069] The electrical insulating film 117 is formed of a 
silicon oxide (Si0 2 ) film, silicon nitride film, aluminum 
oxide film, polyimide film, or the like having a thickness 
of about 1 nm The silicon oxide film is formed by sput- 
tering, CVD, SOG (spin on glass), orthe like. The silicon 
nitride film is formed by sputtering, CVD, orthe like. The 
thickness of electrical insulating film 1 1 7 can be reduced 
to about 1 fim or less because sensor chip 1 03 is made 
of the stainless steel stock manufactured by special 
melting described above. More specifically, sensor chip 
1 03 is made of a stainless steel stock fabricated by melt- 
ing, with vacuum induction, a steel stock melted and 
cast by ordinary melting, and successively remelting it 
by a vacuum arc. The stainless steel stock manufac- 
tured by this special melting has high cleanness, and 
less particles and less pinholes than a general steel 
stock does, so that it can form an electrical insulating 
film uniformly. 

[0070] Therefore, electrical insulating film 117 need 
not exceed a minimum thickness that can endure a di- 
electric breakdown voltage. In other words, particles 
and defects are very few, and the thickness of the elec- 
trical insulating film can be reduced. For example, elec- 
trical insulating film 11 7 may be formed thin within such 
a range that a breakdown voltage of about 1 00 V to 500 
V and insulation of several 100 MO or more can be se- 
cured between sensor chip 1 03 and flow velocity detec- 
tion mechanism 112 made of a conductor. 
[0071] A printed board 1 05 disposed on sensor body 



1 02 through a spacer 1 04 has a circular hole largerthan 
diaphragm portion 128B at its center, and a plurality of 
wiring patterns 127 for forming a signal processing cir- 
cuit are formed on its upper surface by printing. Elec- 

5 trode pads 114 of sensor chip 103 are electrically con- 
nected to wiring patterns 1 27 through bonding wires (not 
shown). The spacer 1 04 is made of stainless steel : alu- 
minum, a synthetic resin, orthe like in the same manner 
as sensor body 1 02 is. The spacer 1 04 is fixed to sensor 

10 body 1 02 with screws, an adhesive, or the like. 

[0072] Fig. 1 1 shows the flow sensor according to the 
fifth embodiment , which is a so-called header type flow 
sensor. A header type flow sensor 130 is externally in- 
serted and fitted in a sensor attaching hole 132 formed 

*5 in the wall of a pipe 131 through which a fluid 1 07 flows, 
and is fixed by welding or the like. A sensor body 133, 
sensor chip 134, and attaching plate 135 forms a con- 
tainer, and a printed board 136 is accommodated in the 
container. 

20 [0073] The sensor body 1 33 is made of stainless steel 
into a cylinder with two open ends, and its lower-surface 
opening which faces the interior of pipe 131 is closed 
with sensor chip 1 34 , which is formed of stainless steel 
into a thin plate with a thickness of about 50 u/n to 1 50 

25 urn. Its peripheral portion is bonded to the lower-surface 
opening of sensor body 1 33 by YAG laser welding orthe 
like, and the bonded portion forms a diaphragm portion 
134A. An electrical insulating film 117 is formed on that 
surface of diaphragm portion 134A which is on a side 

so opposite to the surface to come into contact with fluid 
1 07, in the same manner as in the flow sensor according 
to the fourth embodiment. 

[0074] An indirect heated type flow velocity detection 
mechanism 1 1 2 including one heat-generating body (re- 
35 sistance heater) and two temperature sensors, elec- 
trode pads, thin metal films for wiring : and an ambient 
temperature detection mechanism 116 are formed on 
electrical insulating film 117. 

[0075] As the material of sensor chip 1 34, a stainless 
40 steel stock fabricated by subjecting a stainless steel 
stock fabricated by ordinary melding and refining to© 
double vacuum melting of vacuum induction melting 
(VIM) and subsequent vacuum arc remelting (VAR), or 
© melting and casting by electroslab remelting (ESR), 
45 in the same manner as sensor chip 103 of the fourth 
embodiment is used. The ambient temperature detec- 
tion mechanism 11 6 is arranged such that it can detect 
the fluid temperature without being adversely affected 
by heat from the heat-generating body. 
so [0076] Wiring patterns are formed on printed board 
136, and flow velocity detection mechanism 112 and 
ambient temperature detection mechanism 116 ar- 
ranged on ambient temperature detection mechanism 

1 34 are connected to the wiring patterns through the thin 
55 metal films for wiring and electrode pads by wire bond- 
ing orthe like. The wiring patterns are connected to lead 
pins 138 for external connection. The attaching plate 

1 35 is integrally formed on the upper surface of sensor 
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body 1 33, and its peripheral portion is welded to the wall 
of pipe 131. Alternatively, attaching plate 135 may be 
attached with screws or the like by using an O-ring. The 
sensor body 133 and sensor chip 134 may be formed 
integrally. 

[0077] I n header type flow sensor 1 30 with the above 
structure, sensor chip 134 is also made of the stainless 
steel stock fabricated by remelting, with electroslab 
remelting, a steel lump melted and cast by ordinary melt- 
ing. Therefore, sensor chip 134 has very few particles 
or defects, so that the thickness of electrical insulating 
film 1 1 7 can be reduced. Obviously, the same effects as 
those of the fourth embodiment described above can be 
obtained. 

[0078] Operation and effects of the flow sensors ac- 
cording to the fourth and fifth embodiments will be de- 
scribed. In the flow sensor according to any one of the 
fourth and fifth embodiments, the thickness of the elec- 
trical insulating film can be sufficiently reduced with high 
yield, so that the sensitivity and response properties are 
improved. 

[0079] Generally, in a sensor chip for a flow sensor, a 
temperature detection mechanism is fabricated on one 
surface of a substrate by photolithography and etching. 
As the material of the substrate, silicon, glass, orthe like 
is usually used. If corrosion resistance and mechanical 
strength are required, a metal substrate made of stain- 
less steel or the like is used. In this case, as the sensor 
chip is a conductor, an electrical insulating film is formed 
on it by an insulating film forming process, and afterthat 
a flow velocity detection mechanism made of a conduc- 
tor is formed on the electrical insulating film. The fourth 
and fifth embodiments are particularly related to a ther- 
mal flow sensor which uses a stainless steel sensor 
chip. 

[0080] To form a flow velocity detection mechanism 
on the surface of a stainless steel substrate through an 
electrical insulating film, usually, an electrical insulating 
film such as a silicon oxide film or silicon nitride film is 
formed by plasma CVD, and a flow velocity detection 
mechanism is fabricated on the electrical insulating film 
by photolithography and etching. A general-purpose 
stainless steel stock as the material of the substrate has 
many impurities (particles), e.g., Al 2 0 3 or Si0 2s and de- 
fects (pinholes) in it and lacks cleanness. To fabricate a 
sensor having high yield and a high dielectric break- 
down voltage, the electrical insulating film must be thick. 
[0081 ] As described above, in the flow sensor in which 
the How velocity detection mechanism is fabricated on 
the stainless steel sensor chip, the electrical insulating 
film is formed on the surface of the substrate by plasma 
CVD, and the flow velocity detection mechanism is fab- 
ricated on the electrical insulating film by photoetching. 
Generally, as an electrical insulating film has low ther- 
mal conductivity, it is preferably formed as thin as pos- 
sible within such a range that it allows electrical insula- 
tion between the sensor chip and flow velocity detection 
mechanism. However, a sensor chip made of a general- 



purpose stainless steel stock (e.g., SUS304- or 
SUS31 6-based stainless steel) has many particles and 
defects. To improve insulation between the sensor chip 
and the flow velocity detector fabricated on it through an 

5 electrical insulating film, the electrical insulating film 
must be thick. In a thermal flow sensor, when the thick- 
ness of the electrical insulating film is increased, the 
heat transfer efficiency in the direction of thickness de- 
creases, and the heat capacity increases. Hence, the 

10 sensitivity and response properties of the sensor cannot 
be improved. 

A stainless steel stock fabricated by remelting and cast- 
ing, in accordance with special melting, a steel lump 
melted and cast by ordinary melting is used as the ma- 

15 terial of the sensor chip. Thus, particles and defects from 
the sensor chip are few. An electrical insulating film 
which is to be formed on the upper surface of the sensor 
chip is made thin to a thickness of, e.g., about 1 ujti or 
less. Then , the heat transfer efficiency of the sensor chip 

20 jn the direction of thickness is improved, and the heat 
capacity can be reduced, so that the sensitivity and re- 
sponse properties of the sensor can be improved. A flow 
sensor suitably used particularly in a semiconductor 
manufacturing apparatus and ultrahigh-vacuum appa- 

25 ratus can be provided. 

[0082] A flow sensor manufacturing method accord- 
ing to the sixth embodiment will be described. 
[0083] The flow sensors described in the second to 
fifth embodiments can also be manufactured with the 

30 same manufacturing method. 

[0084] Figs. 1 2A to 1 2G show a flow sensor manufac- 
turing method according to the sixth embodiment of the 
present invention. Figs. 13Ato 13C show a method of 
manufacturing the sensor chip portion of a flow sensor. 

35 [0085] First, a stainless steel substrate material (sub- 
strate) (to be referred to as wafer hereinafter) 250 hav- 
ing a thickness of about 0.3 mm to 3 mm is prepared 
(Fig. 12A), and its surface 250a is mirror-polished (Fig. 
12B). 

40 [0086] Subsequently, a plurality of thin portions 250A, 
thick portions 250B : and recesses 250C are formed on 
the wafer 250 (Fig. 12C). Namely, a channel is formed 
by half etching, end milling, orthe like. Each thin portion 
250A and thick portion 250 B form the diaphragm portion 

45 1 24B and fixing portion 1 24A of substrate 1 24 described 
in the first embodiment. Each recess 250C forms the 
channel recess 1 06. The thin portions 250A are formed 
simultaneously when recesses 250C are formed in a 
iower surface 250b of wafer 250. 

so [0087] The recesses 250C are formed by photolithog- 
raphy and etching or end milling. When photolithogra- 
phy and etching are employed, first, a resist is applied 
to the entire lower surface 250b of wafer 250 by spin 
coating, and the resist-coated surface 250b is irradiated 

55 with ultraviolet radiation (or electron beams) to transfer 
and expose a mask pattern onto the resist. Then, the 
exposed resist is developed with a developing solution 
to remove the unnecessary portions of the resist. A neg- 
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ative resist or positive resist is chosen in accordance 
with whether the exposed portion is to be left or re- 
moved. The wafer 250 exposes from the resist-removed 
portion, and the exposing wafer portion is removed by 
wet etching or dry etching until the thickness of thin por- 
tions 250A is about 50 \im to 150 u.m. 
[0088] Subsequently, the remaining resist is separat- 
ed and removed, and the wafer is cleaned. Thus, fabri- 
cation of thin portions 250A and channel recesses 250C 
is completed. In the case of wet etching, the wafer is 
dipped in an etching solution, or an etching solution is 
sprayed to the wafer, so the resist is dissolved. In the 
case of dry etching, the lower surface of wafer 250 is 
irradiated with ions or electrons by sputtering or a plas- 
ma, so the resist is removed little by little. 
[0089] Subsequently, an electrical insulating film 213 
formed of a silicon oxide film, silicon nitride film, or a 
multilayered film comprised of them is formed on the en- 
tire upper surface of wafer 250 (Fig. 12D). When insu- 
lating film 21 3 is a silicon oxide film, it is formed by sput- 
tering, CVD, SOG (spin on glass), orthe like , and when 
it is a silicon nitride film, it is formed by sputtering, CVD, 
orthe like. 

[0090] Subsequently, a flow velocity detection mech- 
anism 21 2 is fabricated, by known thin film forming tech- 
nique, on that portion of insulating film 21 3 which covers 
each thin portion 250A, and electrode pads 114, thin 
metal films 1 15 for wiring, and an ambient temperature 
detection mechanism 21 6 are fabricated around it by the 
known thin film forming technique (Fig. 12E). Namely, a 
flow sensor is formed. For example, the flow sensor is 
fabricated by depositing a metal such as platinum hav- 
ing a large temperature coefficient of resistance on the 
upper surface of electrical insulating film 213 and per- 
forming photolithography and etching described above. 
[0091] Subsequently, the wafer 250 is cut and sepa- 
rated into the individual flow velocity detection mecha- 
nisms 212 by etching, dicing, orthe like, to fabricate a 
plurality of sensor chips 251 simultaneously (Fig. 12F). 
That is, the sensors are separated by etching and wire 
cutting or dicing. When cutting wafer 250, it may be cut 
at the centers of adjacent thick portions. With this cut- 
ting, wafer 250 forms the substrates 1 24 each shown in 
Fig. 1 . When the plurality of sensor chips 251 is simul- 
taneously fabricated from one wafer 250 in this manner, 
sensor chips having a substantially constant quality can 
be manufactured on the mass production basis, so that 
the manufacturing cost can be reduced. 
[0092] Subsequently, sensor chip 251 and a channel 
forming member 202 having two channel holes 209 and 
210 are stacked, and are welded by laser welding (Fig. 
12G). The substrate 124 shown in Fig. 1 corresponds 
to substrate 206 shown in Fig. 12G. After this, a printed 
wiring board 1 05 identical to that shown in Fig. 1 is 
stacked on channel forming member 202 through a 
spacer 1 04, and wiring patterns 1 27 of the printed wiring 
board 105 and electrode pads 114 are electrically con- 
nected to each other, to complete flow sensor 100 



shown in Figs. 1 and 2. 

[0093] Figs. 13Ato 13C show part of a manufacturing 
procedure employing the method according to the sev- 
enth embodiment. 

5 [0094] This manufacturing method is different from 
the manufacturing method of the sixth embodiment only 
in that the wafer is fabricated by stacking two substrate 
materials. Except for this, the steps of the seventh em- 
bodiment are the same as those of the sixth embodi- 

10 ment. 

[0095] First, a thin, first stainless steel substrate ma- 
terial 260 with a thickness of about 50 urn to 1 50 u,m and 
having a mirror-finished upper surface is fabricated (Fig. 
13A). A second plate-like stainless steel substrate ma- 

15 terial 262 with a thickness of about 0.3 mm to 3 mm and 
having a plurality of channel holes 261 is formed (Fig. 
1 3B). The channel holes 261 are formed by etching, end 
milling, orthe like, and are used each as channel recess 
1 06 of the flow sensor shown in Fig. 1 . 

20 [0096] Subsequently, first and second substrate ma- 
terials 260 and 262 are bonded by diffusion bonding or 
the like to fabricate a wafer 263 having a multilayered 
structure. Of the first substrate material 260, portions 
264 corresponding to channel holes 261 of the second 

25 substrate material 262 each form the thin diaphragm 
portion 124B of substrate 124 of flow sensor 1 00 shown 
in Fig. 1 . 

[0097] With diffusion bonding, the bonding surfaces 
of bonding members to be bonded are brought into tight 

so contact with each other and heated and pressurized in 
a vacuum, so they are bonded to each other by utilizing 
diffusion of atoms generated between the bonding sur- 
faces. Accordingly, no bonding material is needed, and 
high corrosion resistance can be obtained. Also, with dif- 

35 fusion bonding, variations in thickness of the diaphragm 
portion of the sensor chip can be minimized. To obtain 
reliable bonding, the bonding members are preferably 
heated at an appropriate temperature (about 900°C to 
1 ,300°C). In this case, as the first and second substrate 

40 materials 260 and 262 are fabricated from stainless 
steel, no stress is generated by a difference in thermal 
expansion coefficient. 

[0098] The manufacturing procedure from Fig. 13C is 
the same as that of Figs. 12D to 12G, and description 
45 thereof will accordingly be omitted. 

[0099] Figs. 1 4A to 1 4C show some steps in a method 
of manufacturing a flow sensor according to the eighth 
embodiment. 

[0100] The substrate 124 of flow sensor 100 shown 
50 in Fig. 1 is made of sapphire, and channel forming mem- 
ber 1 02 is made of stainless steel. 
[01 01 ] First, a sapphire wafer 270 with a thickness of 
about 0.3 mm to 3 mm and having a mirror-polished sur- 
face 270a is prepared (Fig. 14A). 
55 [01 02] Subsequently, a plurality of recesses 270C are 
formed in a lower surface 270b of the wafer 270 by a 
laser, end milling, etching, ultrasonic machining, orthe 
like, to form thin portions 270A and thick portions 270B 
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(Fig. 14B). That is, a flow channel is formed. Each thin 
portion 270A has a thickness of about 50 [im to 1 50 pm 
[01 03] A flow velocity detection mechanism 2 1 2 is ar- 
ranged on the upper surface of each thin portion 270A 
of wafer 270, and electrode pads 114, thin metal films 5 
115 for wiring : and an ambient temperature detection 
mechanism 216 are arranged around it. These compo- 
nents are fabricated by the known thin film forming tech- 
nique in the same manner as in the method of the sixth 
embodiment described with reference to Fig. 12E, and 10 
accordingly will not be shown or described. In this case, 
as the sapphire wafer 270 is an insulating material, the 
electrical insulating film 213 described above need not 
be formed on the uppersurface of wafer270 in advance. 
In this respect, fabrication of wafer 270 is different from 15 
that of stainless substrate 124. 

[0104] Subsequently, wafer 270 on which flow veloc- 
ity detection mechanisms 21 2, electrode pads 114, thin 
metal films 1 1 5 for wiring, and ambient temperature de- 
tection mechanisms 216 are fabricated is cut and sep- 20 
arated by etching, dicing, laser machining, or the like 
along the center lines of thick portions 270B, to fabricate 
a plurality of sensor chips 271 (Fig. 14C). Each chip 271 
and a channel forming member 202 having two channel 
holes 209 and 21 0 are stacked and bonded to each oth- 25 
er (Fig. 14C). When bonding, the lower surface of sen- 
sor chip 271 is metallized with a metal film of molybde- 
num, tungsten, or the like in advance, and sensor chip 
271 is bonded to the channel forming member 202 by 
brazing. After that, a printed board 1 05 identical to that 30 
shown in Fig. 1 is disposed above the uppersurface of 
the sensor chip 271 through a spacer 104, and wiring 
patterns 127 of printed board 105 and electrode pads 
114 are electrically connected to each other, thus com- 
pleting a sapphire flow sensor. 35 
[0105] Figs. 15A to 15C show steps in a method of 
manufacturing a flow sensor by diffusion bonding, 
wherein, first, a first thin sapphire substrate material 274 
with a thickness of about 50 u.m to 150 \im and having 
a mirror-finished upper surface is fabricated in the same 40 
manner as with the manufacturing method shown in 
Figs. 13A to 13C (Fig. 15A). A second plate-like sap- 
phire substrate material 276 with a thickness of about 
0.3 mm to 3 mm and having a plurality of channel holes 
275 is fabricated (Fig. 1 5B). The channel holes 275 are 45 
formed by laser machining, etching, end milling, ultra- 
sonic machining, or the like, and are used each as chan- 
nel recess 106 of flow sensor shown in Fig. 1 . 

1 mwj Ouuoc^j uci 1 li y , m 01 anu ocuunu ouuauaic ma- 
terials 274 and 276 are bonded by diffusion bonding or 50 
the like to prepare a wafer 277 having a multilayered 
structure (Fig. 15C). Of first substrate material 274, por- 
tions corresponding to channel holes 275 of second 
substrate material 276 each form diaphragm portion 
1 24B of the flow sensor 1 00 shown in Fig. 1 . 55 
[0107] According to this manufacturing method, since 
the first and second substrate materials 274 and 276 
are made of sapphire, no stress is caused by a differ- 



ence in thermal expansion coefficient. With diffusion 
bonding, the bonding surfaces of bonding members to 
be bonded are brought into tight contact with each other 
and are heated and pressurized in a vacuum, so they 
are bonded to each other by utilizing diffusion of atoms 
generated between the bonding surfaces. Accordingly, 
no bonding material is needed, and high corrosion re- 
sistance can be obtained. 

[0108] Figs. 16A to 16D show steps in a method of 
manufacturing according to the 10th embodiment, 
wherein the substrate 124 of flow sensor 100 shown in 
Fig. 1 and channel forming member 102 are both made 
of a ceramic material. 

[0109] First, a calcining mold 280 for a wafer is pre- 
pared (Fig. 1 6A). A ceramic powder or temporarily mold- 
ed ceramic member 281 is charged in the calcining mold 
280. The calcining mold 280 is then loaded in a calcining 
furnace 282 and heated and calcined at a predeter- 
mined temperature for a predetermined period of time 
(Fig. 16B), to prepare a ceramic wafer 283. Namely, a 
wafer with a channel is fabricated by ceramic calcining. 
The wafer 283 has a thickness of about 0.3 mm to 3 mm, 
and a plurality of thin portions 283A, thick portions 283B, 
and recesses 283C. The thickness of each thin portion 
283 A is about 50 pm to 1 50 ^m. Alternatively, a ceramic 
member 281 formed by pressing without using the cal- 
cining mold 280 may be directly calcined in the calcining 
furnace 282 to prepare the wafer 283. 
[0110] Subsequently, the surface of wafer 283 is mir- 
ror-polished. After that, a flow velocity detection mech- 
anism 212 is arranged on each thin portion 283A, and 
electrode pads 114, thin metal films 115 for wiring, and 
an ambient temperature detection mechanism 216 are 
arranged around it. These components are fabricated 
by exactly the same method as described with reference 
to Fig. 12E, and accordingly will not be shown or de- 
scribed. In this case, as the sapphire wafer 283 is an 
insulating material in the same manner as the sapphire 
wafer described above, no electrical insulating film 213 
need be formed on it in advance. 
[0111] Subsequently, wafer 283 on which flow veloc- 
ity detection mechanisms 212, electrode pads 114, thin 
metal films 115 for wiring, and ambient temperature de- 
tection mechanisms 216 are fabricated is cut and sep- 
arated by dicing or the like along the center lines of thick 
portions 283B, to fabricate a plurality of sensor chips 
284 (Fig. 16D). Each sensor chip 284 and a channel 
forming member 202 having two channel holes 209 and 
21 0 are bonded to each other by brazing or the like after 
their portions to be stacked to each other are metallized 
with molybdenum, tungsten, or the like. The channel 
forming member 202 is made of a ceramic material. 
Hence, a wafer is fabricated by heating and calcining in 
the same manner as, e.g., wafer 283, and thereafter is 
cut and separated by dicing or the like, thus forming 
channel forming member 202. Alternatively, channel 
forming member 202 may be fabricated by ordinary ma- 
chining. 
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[0112] After that, a printed board 105 identical to that 
of the flow sensor shown in Fig. 1 is disposed above the 
upper surface of sensor chip 284 through a spacer 1 04. 
and wiring patterns 127 of printed board 105 and elec- 
trode pads 114 are electrically connected to each other, 
thus completing a ceramic flow sensor. 
[0113] In any one of the flow sensor manufacturing 
methods described in the sixth to 10th embodiments, 
when the substrate material is either one of stainless 
steel, sapphire, and a ceramic material, the plurality of 
sensor chips 251 , 271 , or 284 with a uniform quality can 
be fabricated simultaneously by cutting and separating 
a single wafer into small pieces. Thus, mass production 
with a batch process is possible to reduce the manufac- 
turing cost. 

[0114] The present invention is not limited at all to the 
embodiments described above, but can be changed and 
modified. For example, the materials of substrate 124 
and channel forming member 202 can be changed when 
necessary. The substrate 124 and channel forming 
member 202 may be bonded to each other with bolts or 
the like through a seal member such as an 0-ring ; or 
may be adhered to each other through an adhesive or 
the like. The channel holes 209 and 210 formed in chan- 
nel forming member 202 are not limited to through holes 
extending through the upper and lower surfaces of 
member 202, but may be L-shaped holes extending 
through the upper and side surfaces of member 202. 
The surface of the substrate material may be mirror-pol- 
ished after recesses 1 06 are formed, and the shapes of 
recesses 106 are not limited to ellipses. The manufac- 
ture of the sensor chips is not limited to mass production 
in accordance with the batch process, but the sensor 
chips may be fabricated one by one. 
[01 1 5] Operation and effects of the flow sensor man- 
ufacturing methods shown in the sixth to 10th embodi- 
ments will be described. 

[0116] Conventionally, a flow sensor of this type is 
used mainly for a noncorrosive gas, and recently a sen- 
sor which can also be used for a liquid or corrosive gas 
has been developed. For example, a mass flow sensor 
disclosed in Japanese Patent Laid-Open No. 7-159215 
is known. According to this mass flow sensor, a silicon 
substrate is bonded to a glass substrate which forms a 
channel where a fluid flows, to come into contact with 
the channel. A flow rate detection heater is arranged on 
that surface of the silicon substrate which is on a side 
opposite to the channel. In this mass flow sensor, as the 
heater does not come into direct contact with the fluid, 
degradation of the heater caused by the fluid can be pre- 
vented, and good detection characteristics can be main- 
tained after a long term use. 

[0117] In the conventional mass flow sensor, howev- 
er, the channel for the measurement target fluid is fab- 
ricated with a silicon substrate and a glass substrate. 
When the mass flow sensor is to be used in a semicon- 
ductor manufacturing apparatus or the like, it cannot be- 
cause the silicon substrate and glass substrate may be 



corroded by a corrosive gas or liquid. The silicon sub- 
strate has high thermal conductivity. When the temper- 
ature of the entire substrate becomes uniform due to 
heat of the heater, a temperature difference is not easily 

5 caused between the upstream and downstream heaters 
by the flow of the fluid, and the detection sensitivity is 
accordingly low. In addition, the silicon substrate is 
formed to be smaller than the glass substrate in order 
to reduce the heat capacity, and projects above the 

10 glass substrate, thus forming a step between the two 
substrates. This degrades handling and manufacture in 
the later manufacturing process. For example, regard- 
ing the manufacturing facilitation, the silicon substrate 
is made to be smaller than the glass substrate by re- 

75 moving its unnecessary portions other than a portion 
that covers the channel of the silicon substrate, by pho- 
tolithography and etching. Thus, two steps of photoli- 
thography and etching are added. 
[0118] In the flow sensor manufacturing method ac- 

20 cording to any one of the sixth to 10th embodiments, a 
plurality of sensor chips can be manufactured on a mass 
production basis by a batch process, so that the manu- 
facture can be facilitated while the manufacturing cost 
can be reduced. According to this manufacturing metri- 
cs od, chips made from a single body can be originally fab- 
ricated by the batch process. Particularly, with the batch 
process, a plurality of sensor chips with a uniform quality 
can be manufactured on the mass production basis. 
Thus, productivity can be improved and the manufac- 

30 turing cost can be reduced. 

[0119] As the substrate and the channel forming 
member are fabricated from stainless steel, sapphire, 
or a ceramic material, a flow sensor having high heat 
resistance and high corrosion resistance can be fabri- 

35 cated, and measurement of a liquid or corrosive gas can 
be coped with. Particularly, stainless steel is very suita- 
ble in terms of corrosion resistance . workability, thermal 
conductivity, and rigidity. If the corrosion resistance 
must be particularly high, sapphire is suitable. As the 

40 flow velocity detection mechanism does not come into 
direct contact with the fluid, a sensor having high relia- 
bility and high durability can be provided. 
[0120] With the flow sensor according to the inven- 
tion, since a change in flow velocity or flow rate charac- 

45 teristics of a sensor chip caused by the pressure change 
of the fluid is small, measurement precision, reproduci- 
bility, reliability, and durability of the sensor can be im- 
proved, and the sensor can be fabricated with a smaller 
number of components. 

so [0121] With the flow sensor according to the inven- 
tion, a stainless steel stock prepared by remelting and 
casting, in accordance with special melting, a steel lump 
melted and cast by ordinary melting is used as the ma- 
terial of the sensor chip. Thus, particles and defects from 

55 the sensor chip are few. An electrical insulating film 
which is to be formed on the upper surface of the sensor 
chip can be made thin to a thickness of, e.g., about 1 
ujti or less. Hence, the heat transfer efficiency of the 
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sensor chip in the direction of thickness is improved, and 
the heat capacity can be reduced, so that the sensitvity 
and response properties of the sensor can be improved. 
A flow sensor suitably used particularly in a semicon- 
ductor manufacturing apparatus and ultrahigh-vacuum 5 
apparatus can be provided. 

[0122] With the flow sensor manufacturing method 
according to the invention, chips made from a single 
body can be originally fabricated by the batch process. 
Particularly, with the batch process, a plurality of sensor 10 
chips with uniform quality can be manufactured on the 
mass production basis. Thus, productivity can be im- 
proved and manufacturing costs can be reduced. As the 
substrate and the channel forming member are fabricat- 
ed from stainless steel, sapphire, or a ceramic material, *5 
a flow sensor having high heat resistance and high cor- 
rosion resistance can be fabricated, and measurement 
of a liquid or corrosive gas can be coped with. Particu- 
larly, stainless steel is very suitable in terms of corrosion 
resistance, workability, thermal conductivity, and rigidity. 20 
If the corrosion resistance must be particularly high, 
sapphire is suitable. 

[01 23] As the flow velocity detection mechanism does 
not come into direct contact with the fluid, a sensor hav- 
ing high reliability and high durability can be provided. 25 



Claims 

1 . A flow sensor characterized by comprising: 30 

a substrate (124, 156, 128) in which a dia- 
phragm portion (124B, 156B1 , 128B) having a 
first surface in contact with a measurement tar- 
get fluid (107, 102) and a thick fixing portion 35 
(124A, 156A, 128A) surrounding the dia- 
phragm portion are integrally formed; 
an electrical insulating film (113, 117) formed 
on a second surface of the diaphragm portion 
which is on a side opposite to the first surface; 40 
and 

flow velocity detecting means (112, 125) ar- 
ranged on the electrical insulating film (113, 
. 117). 

45 

2. A sensor according to claim 1 , further comprising a 
channel forming member (102) which forms a chan- 
nel (1 OB) for the measurement target fluid (1 07) to- 
gether with the substrate (124, 128). 

50 

3. A sensor according to claim 2, wherein the channel 
forming member (102) and the substrate (124, 128) 
are integrally formed. 

4. A sensor according to claim 1 , wherein 55 

the substrate (1 56) is disposed to cover a sen- 
sor attaching hole (152) formed in a pipe (151) 
through which the measurement target fluid (102) 



flows, and 

the flow velocity detecting means (125) is ar- 
ranged on the second surface of the diaphragm por- 
tion (156B1). 

5. A sensor according to claim 1 , wherein 

the substrate (124) is made of any one mate- 
rial selected from the group consisting of stainless 
steel, sapphire, and a ceramic material. 

6. A sensor according to claim 1 , wherein 

the substrate (128) is made of a stainless 
steel stock prepared from a steel lump fabricated 
by melting and casting, and 

the second surface of the diaphragm portion 
(128B) is polished. 

7. A sensor according to claim 6, wherein the stainless 
steel stock is fabricated by melting and casting the 
steel lump with vacuum induction melding and 
thereafter melting and casting a resultant material 
with vacuum arc remelting. 

8. A sensor according to claim 6, wherein the stainless 
steel stock is fabricated by melting and casting the 
steel lump by electroslab remelting. 

9. A sensor according to claim 1 , wherein the flow ve- 
locity detecting means (112, 125) comprises 

a heat-generating body (120) and 

two temperature sensors (121 A, 121 B). 

1 0. A sensor according to claim 1 , wherein the electrical 
insulating film (113, 117) is made of any one mate- 
rial selected from the group consisting of silicon ox- 
ide, silicon nitride, alumina, and polyimide. 

11. A sensor according to claim 2, further comprising 

a spacer (1 04) arranged on the channel form- 
ing member (1 02), and 

a printed wiring board (1 05) arranged above 
the substrate (124) through the spacer (104). 

12. A sensor according to claim 1 , further comprising 

an electrode pad (114) arranged on the elec- 
trical insulating film (113. 117), and 

a thin metal film (115) for wiring for connecting 
the electrode pad and the flow velocity detecting 
means (112, 125) io each oiher. 

13. A sensor according to claim 1 , further comprising 

ambient temperature detecting means (116, 
113) arranged on the second surface of the dia- 
phragm portion, 

an electrode pad (114) formed on the electri- 
cal insulating film (113, 117), and 

a thin metal film (115) for wiring for connecting 
the electrode pad and the ambient temperature de- 



13 



BNSDOCID: <EP 1 36521 6A1 J_> 



25 EP 1 365 216 A1 26 

tecting means to each other. al. 

14. A flow sensor manufacturing method including the 
steps of: 

5 

forming a sensor chip (251 ) having a substrate 
(124) and flow velocity detecting means (212), 
the substrate (124) having at least one channel 
recess (250C) at a central portion of a lower 
surface thereof, a thin portion (250A) at the 10 
central portion forming a diaphragm portion 
(124B), and the flow velocity detecting means 
being formed on an upper surface of the dia- 
phragm portion; 

bonding a channel forming member (202) to a 15 
lower surface of the sensor chip (251 ); and 
forming a fluid for a measurement target fluid 
with the channel forming member and the chan- 
nel recess of the substrate, characterized in 
that 20 
the step of forming the sensor chip (251) com- 
prises the steps of 

forming a channel recess in a lower surface 
(250b) of a substrate (250) to leave a thin por- 
tion on an upper surface thereof, thus forming 25 
at least one diaphragm portion in the thin por- 
tion, and 

forming flow velocity detecting means at a por- 
tion of the upper surface of the substrate which 
corresponds to the diaphragm portion. 30 

15. A method according to claim 14, wherein 

said method further comprises the step of 
forming a plurality of sensor chips by separating the 
substrate to correspond to respective channel de- 35 
tecting means, and 

the step of forming the diaphragm portion 
comprises the step of forming a plurality of channel 
recesses in the lower surface of the substrate (250) 
to leave thin portions on the upper surface thereof. *o 

16. A method according to claim 14, wherein the step 
of forming the diaphragm portion comprises the 
steps of 

fabricating a first thin substrate, *5 

fabricating a second plate-like substrate hav- 
ing a channel hole, and 

stacking and diffusion-bonding the first and 
second substrates. 



50 



17. A method according to claim 14, wherein the sub- 
strate is made of stainless steel, and an electrical 
insulating film is formed on the upper surface of the 
substrate. 

18. A method according to claim 14, wherein the sub- 
strate is made of any one material selected from the 
group consisting of sapphire and a ceramic materi- 



55 



14 



BNSDOCID:<EP 1365216A1J„> 



EP1 365 216 A1 




FI G. 2 



BNSDOCID: <EP 1 36521 6A1J > 

L 



15 



EP 1 365 216 A1 




FIG. 3 

CONSTANT VOLTAGE 



I 




VOLTAGE OUTPUT 



F I G. 4 



16 

BNSDOCID: <EP 1365216A1J _> 



EP 1 365 216 A1 



HI 111 

153 WL^AW. 153A 




113! \ \S 
157a ) 154 

10 £ ,156 A 156B2 156B1, 156b 



FIG. 5 




15BB1 



FIG. 6 



134 -_. 157 125 

^^156 



156A- fcsNN^ 



156B 



FIG. 7 



17 



BNSDOCID: <EP 1 36521 6A1_I_> 



EP1 365 216 A1 




EP 1 365 216 A1 




FIG. 11 



BNSDOCID: <EP 1365216A1_I_> 



19 



EP 1 365 216 Al 



FIG.12A 




FIG.12B 



FIG.12C 



FIG.12D 



FIG.12E 



FIG.12F 



250a 250 

vzzzzzzzzz^zzzzzzzzzi 

250b 




^ — ( — T 

250C 250A 250B 250a 250C 




251 



250C 
216 212 



-213 



£r^£^!fm3£r^L^Q^-25i 

250B 250A 250C 2508 



206 



FIG.12G 



216 jj2 
_d_ Sab. 




209 210 



20 

BNSDOCID: <EP 13S5216AlJ_> 



EP 1 365 216 A1 



FIG.13A 



260 

J_ 



FIG.13B 



FIG.13C 



IN, KM k\1 KN KM kS 



7 



262 261 



263 

/ 260 



N KM k\1 M K^'a<U 

/ \ v 262 

261 264 



FIG. 14A 




FIG.14B 




\ I 7 

270C 270A 270B 270a 



THE SAME AS FIGS. 1 2E AND 1 2F 
AND ACCORDINGLY NOT SHOWN 



FIG.14C 



2W 270A 212 

^ S. ^ 



271 




206 210 2706 



21 



EP 1 365 216 A1 



FIG. 15 A r ™ 



FIG.15B KNM NM 276 

275 

£-274 

FIG.15C kwi km k\M 

v 276 

275 



277 



BNSDOCID: <EP 136521 6A1 J._> 



22 



EP 1 365 216 A1 



FIG.16A 




FIG.16B 



280 281 





282 



FIG.16C 




THE SAME AS FIGS. 12E AND12F 
AND ACCORDINGLY NOT SHOWN 

i 



FIG.16D 



216 206C 




BNSDOCID: <EP 1365216A1_I_> 



23 



EP1 365 216 A1 





FIG.17A 

PRIOR ART 



FIG.17B 

PRIOR ART 



BNSDOCID: <EP 1 36521 6A1._L> 



24 



EP 1 365 216 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 03 09 0136 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant c 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.Cl.7) 



HIRATA K ET AL: "Stainless steel-based 
integrated mass-flow controller for 
reactive and corrosive gases" 
SENSORS AND ACTUATORS A, ELSEVIER SEQUOIA 
S.A., LAUSANNE, CH, 

vol. 97-98, 1 April 2002 (2OO2-O4-01) t 
pages 33-38, XP004361579 
ISSN: 0924-4247 

* the whole document * 

WO 02 33362 A (YAMATAKE CORP; IKE SH1NICHI 
(OP); KAMIUNTEN SHOJI (JP); TANAKA HID) 
25 April 2002 (2002-04-25) 

* abstract; figures 1A,1B,1C * 



US 5 050 429 A (NISHIM0T0 IKU0 
24 September 1991 (1991-09-24) 

* the whole document * 

US 5 406 109 A (WHITNEY JULIE G) 
11 April 1995 (1995-04-11) 

* the whole document * 

US 5 500 174 A (KLAASSEN ERN0 H 
4 February 1997 (1997-02-04) 

* the whole document * 



ET AL) 



ET AL) 



The present search report has been drawn up tor all claims 



1-18 



G01F1/684 

G01F1/68 

G01F1/692 



1-18 



1-3,5,9, 

10, 
12-14,18 



1-18 



1-18 



TECHNICAL FIELDS 
SEARCHED (lnLCI.7) 



GG1F 



I 

eg 

CO 

8 
I 

5 



Race oi search 

MUNICH 



Dale of completion ol the search 

25 September 2003 



Examiner 

Politsch, E 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document ct the same category 
A : technological background 
O : non- written disclosure 
P : intermediate document 



T : theory or principle underty r>g the invention 
E : earlier patent document but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



& . member of the same patent f amity, corresponding 
document 



25 



BNSDOCID: <EP 1 36521 6A1_I_> 



EP 1 365 216 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 03 09 0136 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Offioe EDP file on 

The European Patent Offioe is in no way liable forthese particulars which are merely given for the purpose of information. 

25-09-2003 



Patent document 
cited in search report 


Publication 
date 


Patent family 
members) 


Publication 
date 


wo 


0233362 


A 


25-04 -2002 


JP 
EP 
WO 


2002122454 A 
1333255 Al 
0233362 Al 


26-04-2002 
06-08-2003 
25-04-2002 


us 


5050429 


A 


24-09-1991 


GB 
DE 


2241334 A 
4005801 Al 


28- 08-1991 

29- 08-1991 


us 


5406109 


A 


11-04-1995 


NONE 






us 


5600174 


A 


04-02-1997 


NONE 







i For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



26 



BNSDOCID: <EP 1 36521 6A1_I _> 



